The hypothesis that a mixture of two ampholytes behaves, within certain limits, as an individual (1) with characteristics distinct from either component can also be semiquantitatively tested by certain conductivity experiments. These are based on the observation that the addition of such a substance as gelatin markedly decreases the observed conductivity of a phosphate solution. The magnitude of the decrease is a function of the pH and passes through a minimum at the isoelectric point of the gelatin. In other words, the specific contribution of the gelatin to the measured conductivity is negative. Consider the case of two such ampholytes, A and B. Their separate effects on the conductivities of buffer solutions will be as above, and will be a minimum at their respective isoelectric points. When mixtures of the two are observed, however, their effect is altered due to the fact that through a certain pH range, namely between their respective isoelectric points, there will also be a tendency for mutual "binding" of A and B with a resulting "release" of buffer, resulting in a measured conductivity greater than would be calculated from a knowledge of their behavior when observed separately. This difference between the observed and calculated value of the conductivity may be expected to pass through a maximum at or near what has been termed the isoelectric point of the system.
Their specific contributions to the conductivity, when observed separately, may be positive or negative, or may even change sign at some definite pH. One might expect, however, that, if there be any considerable mutual binding tendency between two fairly conducting substances, the measured conductivity will be less at the isoelectric point of the system than would be expected from their separate behavlors, and that this difference would be a maximum at this pH.
To test this idea the conductivities of sulfanilic acid and of lysin were measured in phosphate buffers. The buffers were in all cases 0.02 molal in phosphate. The concentration of the sulfanilic acid and of the lysin were, throughout, the same, the former being 0.020 molal and the latter about 0.023 molal. The mixtures were 0.020 molal in sulfanilic acid and 0.023 molal in lysin. The water employed in the work had a specific conductivity of about 2 X 10 -G reciprocal ohms at room temperature.
The measured conductivities at 25°C., in reciprocal ohms, are given in Table I . The pit values were measured by means of the apparatus used in the titration work described in the preceding paper (1) .
From these values pH-conductivity curves were plotted and the conductivities at comparable pH values were read off. These latter values are given in Table II . Obviously the same buffer mixture will not bring sulfanilic acid to the same pH that it will lysin when the buffer concentration is at all comparable to that of the sulfanilic acid or the lysin. It will be seen, however, that for any pH, with constant total phosphate concentration, the concentrations, and thus the conductivities, of the various anion species of the buffer will be the same in all cases unless certain of them tend to be bound by the sulfanilic acid or the lysin. There will, however, be a difference in the sodium ion concentration, and some correction must be made for this. In Table II there is therefore included the total sodium concentration. The correction is made by referring to the concentration in the pure buffer at the same pH. For example, at a pH of 4 there was a concentration of 0.0197 in the buffer but of 0.0464 in the su]fanflic acid. To get the contribution of the sulfanilic acid itself, the measured conductivity of the buffer is subtracted from that of the sulfanilic acid and buffer at the same pH. This resulting conductivity is partly due to the sulfanilic acid, and partly due to the excess of sodium ion. The values of the conductivities must be multiplied by 10 -6 to give reciprocal ohms.
A M P H O T E R I C B E H A V I O R OF C O M P L E X SYSTEMS. I I I
The difference in total sodium concentration can be at once obtained, but some assumption must be made as to the relation of the total sodium concentration to that of the sodium ion. Due to the necessity of this correction, the values of these conductivities are not presented as significant data in themselves, in fact their precise magnitude as well as their real significance is a question. However, the general shape of the curve obtained by plotting them against the pH is considered significant, and slight errors in the sodium ion correction will alter neither the general shape of the curve nor the position of the Fig. 1 . Assuming, then, the isohydric principle, and the value 0.92 for the degree of ionization of the sodium salts, the conductivity correction for the sodium ion can be calculated from its ion conductance at 25°C., 50.7, and the cell constant. Table II , then, gives the total sodium concentration, the measured total conductivity in the column headed k, and the apparent conductivity of the substances studied, uncorrected for sodium ion concentration difference, in the column headed k'. The latter value is merely the difference between the conductivity of the solution and that of pure buffer at the same pH. Table I I I gives the final corrected values for the contributions of sulfanilic acid, lysin, and their mixture to the total conductivity. The last column contains the differences obtained by subtracting the measured contribution of the mixture from the sum of the contributions of the two components when studied separately. These differences are plotted against pH in Fig. 1 .
This curve, representing the pH function of the decrease in conductivity from what might be expected, due presumably to mutual binding of sulfanilic acid and lysin, passes through a fairly well defined 157  167  169  170  172  172  175  174  177  179  180  180  183  188  188  190   48  63  72  75  106  145  131  130  123  115  105  85  50  37  71  93   209  227  231  225  239  254  222  215  239  252  246  225  215  225  263  290   205  230  241  245  278  317  306  304  300  294  285  265  233  225  259  283   --4  3  10  20  39  63  84  89  61  42  39  40  18  0  --4  --7 maximum somewhere between the pH values 6.1 and 6.2. Calculation, by the method described in the preceding paper (1), of the value of the isoelectric point of this system, gives, using 7 X 10 -4 for the acid ionization constant of sulfanic acid and 7 X 10 -8 for the basic ionization constant of lysin, a pH of 6.03. The agreement seems quite satisfactory, considering the method of obtaining the experimental data and the problematical value of the basic ionization constant of lysin. I I I DISCUSSION.
While the above experiments were made on a comparatively simple system in order that a somewhat more definite interpretation might be possible, the more interesting and perhaps more obvious applications of the results are in connection with the much more complicated, though in many respects similar, systems which go to make up biological tissues.
One of the striking apparent anomalies which the point of view developed in this series of papers tends to straighten out is brought out in Fig. 2 . From water absorption and behavior toward dyes Robbins (2) has found for the complex system potato tuber an isoelectric point at a pH of about 6, depending somewhat on the buffer used for adjustflag the pH (Curve C). That this value is not even approximately characteristic of the protein most commonly associated with potato, namely tuberin, is apparent from the work of Cohn, Gross, and Johnson (3), who found for this protein an isoelectric point at a pH of about 4. Their tuberin was obtained from acid precipitation of potato juice. It is significant to note that they describe the precipitation of protein from potato juice by alkali as well as by acid. The latter precipitation reached a maximum at a pH of about 8, but was not otherwise studied. The solubility curve for the protein material in potato juice as a function of pH is given by Curve A of Fig. 2. (Curve B gives the same for carrot juice indicating similar behavior.) Both are taken from the work of Cohn, Gross, and Johnson. The point of maximum solubility between the two minima corresponds roughly with Robbins' isoelectric point of the system potato tuber, i.e. with the point of minimum water imbibition (Curve C). The two points are not exactly the same, but Robbins was working with whole tissue, while Cohn, Gross, and Johnson were working with the extracted juice.
The comparatively large specific effect of the particular buffering material employed on the isoelectric point of a complex system may also be expected, due to selective "binding tendencies" between the specific buffer ions and one or another of the components of the original system. Thus Robbins (2) finds a difference of nearly half a pH unit between the isoelectric points of potato tuber tissue as determined by using citrate or phosphate buffer and as determined by phthalate buffer. In Fig. 2 , Curve C, Curve I was obtained using phosphate adjustments and Curve II using phthalate adjustments.
The concept of such a mixed system offers also a possible chemical mechanism for the taking on of foods of both a basic and an acidic nature. Thus, in the case of a complex system, there will be a fair pH range through which one or the other of the components will exhibit a tendency to bind foods either of a carbohydrate or of a peptone nature. Growth curves over a fair pH range are suggestive on this point Fig. 2 , Curve D) (4). At quite low or quite high pH values, nutrition, according to these curves, is very inefficient. Starting in acid solution, as the pH increases the rate of growth at first steadily increases. If the taking on of foods is primarily influenced by the ionic condition of the organism rather than by the ionic condition of the foods, and if the organism were acting as a simple ampholyte, we might expect an optimum condition for growth at its isoelectric point.
(This would not be analogous to water imbibition.) At such a pH, in case of a simple ampholyte, the active anion concentration would be equal to the active cation concentration. In a mixed system, however, such is not the case when the lower isoelectric point, i.e. of one of the components, is reached, and actually the growth curve continues to rise, probably until the extent of mutual binding of the components of the system itself begins to affect results. The curve thus passes through a maximum and then descends to a minimum, probably at or near the point of maximum binding, i.e. the isoelectric point of the system. The rate of growth, even at this minimum, is higher than it is at those points corresponding more probably to the isoelectric points of the components, and the fact that it is a distinct minimum does not at all mean that growth is poor. From this minimum point, as one proceeds to higher pH values, the curve again rises, passing through another maximum, and then rapidly fails. Work is now in progress to determine, if possible, the pH growth curves of organisms utilizing foods which might be considered entirely acidic in character, as well as foods which are entirely basic. Experiments on the specific effect of individual buffers are also under way, and it is hoped that soon the point of view developed here can be somewhat quantitatively tested out on systems somewhat more complicated than those herein described, but which are still sufficiently definitely known to permit of quantitative study and interpretation.
SUMMARY.
Conductivities of sulfanilic acid, lysin, and mixtures of the two were made over a wide pH range, the pH being adjusted by means of phosphate buffers. The actual conductivities of the sulfanilic acid, the lysin, and the mixture were calculated. The difference between the conductivity of the mixture and the sum of the conductivities of
